Summary. Normal female rats were mated to control males or males which were subjected to unilateral testicular heating (43\s=deg\C for 30 min), irradiation (500 R), efferent duct ligation, arterial ligation or castration; in all males, the contralateral ductus deferens was ligated. All treatments caused reduced fertility and eventually infertility, as judged by the percentage of females becoming pregnant; the infertility was temporary after heating and irradiation. During the periods of reduced fertility, the numbers of fetuses per pregnant female and the fetus/corpus luteum ratios were reduced. In subsequent experiments, after heating of the testis, there was not only failure of fertilization despite the presence of normal numbers of spermatozoa in the uterus, but also an increased rate of embryonic degeneration in normal females.
Introduction
Embryonic mortality during the early part of pregnancy is an important contributor to repro¬ ductive failure (see Kelly, 1984) but is usually considered to be due to hormonal or physiological malfunction in the female at or about the time of implantation. However, there is some evidence to suggest that the male can also contribute to embryonic mortality (Courot & Colas, 1986) .
In the present experiments, male rats made subfertile in several ways were mated to normal females to obtain evidence on ovulation rate and litter size, and heat-stressed males were studied further to determine whether embryonic mortality and/or fertilization failure were involved. (Group C) . In all rats, the ductus deferens on the other side was ligated and sectioned through an abdominal incision, to ensure that androgen secretion by one testis remained normal, in view of the decrease seen in aspermatogenic testes (see SetcheU & Galil, 1983 from the males and then examined post mortem to count the number of fetuses and the number of corpora lutea.
Males in Groups C and X were studied for the whole period (103 days) and those in Group H for 85 days after treatment, but study of the other three groups of males (T, I and EDL) was ended when the males failed to impregnate any of the females (see Table 2 ). 
Results

Experiment 1
All males impregnated a high proportion of the females caged with them before treatment, and the fetus/corpus luteum ratio was close to 100% in all groups (Figs 1 & 2) . Despite the anaesthetic and the unilateral vasectomy, the control males (Group C) continued to impregnate most of the females and maintained a high fetus/CL ratio ( Fig. 1 (Table 2 ). In contrast, degeneration was apparent in about half the embryos recovered at Day 2 of pregnancy from all the females mated to heated males. At Day 15 of pregnancy, the incidence of degenerating fetuses was significantly higher in females mated to heated males; and a significantly higher proportion of females mated to heated males showed degenerating fetuses. The mechanisms behind these effects are not known, but other authors have reported less complete data which are consistent with those reported here. In rats becoming infertile after treat¬ ment with sulphosalazine (Levi et al, 1982) , niridazole (Jones et al, 1976) , or cyclophosphamide (Botta et al, 1974; Adams et al, 1980) and in mice after exposure to high atmospheric pressures (Baden et al, 1982) , litter size was reduced before pregnancy rate fell. In normal Merino ewes mated to heat-stressed rams of a strain particularly susceptible to heat, only 34% of twins were reported, compared with 57% in similar ewes mated to a less susceptible strain of ram (Dun & Hamilton, 1965; Fowler & Dun, 1966) . However, a reduction in litter size is not always found after pairings with males becoming infertile, as seen from the studies of Robaire et al (1984) with rats made sterile with testosterone implants.
Male rats treated chronically with low doses of cyclophosphamide when mated to normal females produced increases in preimplantation loss from 7 to almost 20% and in post-implantation loss from about 5 to almost 80%, with an increased incidence of fetal malformations despite preg¬ nancy rates of 91-97% and normal numbers of spermatozoa in the epididymis (Trasler et al, 1985) . Irradiation of rabbit spermatozoa was followed by increased embryonic mortality (Amoroso & Parkes, 1947; Bedford & Hunter, 1968) .
In normal gilts mated to heat-stressed boars, there was a reduction in both conception rate and embryo survival (Wettemann et al, 1976) and there was a higher embryonic mortality when normal cows were inseminated with semen from bulls with a history of poor fertility (Erb & Flerchinger, 1954; Bearden et al, 1956; Courot & Tourneur, 1976) . Attempts to measure early embryonic mortality in ewes mated to subfertile rams have in general been unsatisfactory because of the small numbers of animals used (Rathore, 1968 (Rathore, , 1970 Howarth, 1969; Braden & Mariner, 1970) but there was some suggestion that embryonic mortality was increased. However, such an increase was observed in ewes mated to rams selected for low prolificacy (Burfening et al, 1977) , in ewes inseminated with aged semen or with semen from 'out-of-season' rams (Colas, 1983; Courot & Colas, 1986) and when ewes were inseminated with immature spermatozoa from the epididymis (Fournier-Delpech et al, 1979) , due to abnormalities in cleavage (Fournier-Delpech et al, 1981) . A similar effect of immature spermatozoa had already been reported for rabbits (Orgebin-Crist & Jahad, 1977) .
It has been shown that aged spermatozoa produced an increased number of genetically abnormal embryos, many of which would not have survived (Martin-DeLeon & Boice, 1985) and this may also be operating in subfertile males. Nevertheless, this probably accounts for only a small part of the effect and other factors are presumably involved. It is difficult to believe that the numbers of spermatozoa at the site of fertilization would be sufficient to fertilize only a proportion of eggs, or that the male could influence ovulation rate, particularly since neither rats, mice nor sheep are reflex ovulators. One possibility is that spermatozoa from subfertile males can penetrate the zona pellucida and prevent other spermatozoa from doing so, without completing fertilization. It is also apparent that, in some instances, fertilization takes place, but development is impaired.
Another curious effect is the apparent loss of all embryos from one horn of the uterus in females mated to unilaterally vasectomized normal males and, to a greater extent, to those also made subfertile. This may indicate that one degenerating fetus might cause loss of all the fetuses in that horn, and this also warrants further investigation.
An influence of the male in reducing overall reproductive efficiency even when complete infertility was not observed places new emphasis on male subfertility, particularly as the effects on litter size seem to persist long after 'fertility' is re-established. The present results are considered to be of major significance and should be followed up in other species and the mechanisms investigated further.
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